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The depletion of CD4+ T-lymphocytes central to the immunodeficiency in acquired immunodeficiency syndrome (AIDS) is largely
mediated by apoptosis of both infected and uninfected cells, but the mechanisms involved and the viral proteins responsible are still poorly
characterized. It has recently been suggested that, in human and simian immunodeficiency virus (HIV) and SIV, Vpr is a major modulator of
apoptosis in infected cells. Recently, we have reported on a chimera of caprine arthritis-encephalitis virus (CAEV) carrying vpr/vpx genes
from SIVmac239, which is replication competent in goat macrophages but not in lymphocytes or human cells. Despite infection being
restricted to macrophages, inoculation of primary goat peripheral blood mononuclear cells (PBMCs) with this chimera induced apoptosis in
the lymphocyte population. In addition, when infected goat synovial membrane (GSM) cells were co-cultured with human CD4+ T
lymphocyte SupT1 cell line, these CD4+ T cells showed increased apoptosis. The parental CAEV induced no significant apoptosis in goat
PBMC cultures or in co-cultures with human SupT1 lymphocytes. This indicates that SIV Vpr/Vpx proteins indeed mediate apoptosis of T-
lymphocytes and, moreover, do so without the need for active infection of these cells. Moreover, this apoptosis was observed when SupT1s
were cocultured in direct contact, but not in absence of contact with CAEV-pBSCAvpxvpr-infected GSM cells. In view of these data, we
propose that SIV Vpx/Vpr activate cell-to-cell contact-dependent extracellular signaling pathways to promote apoptotic death of uninfected
bystander T-lymphocytes. Understanding this mechanism might bring insight for intervening in the loss of CD4+ T lymphocytes in the SIV
infection model and in human AIDS.
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Introduction an increase and dysregulation of programmed cell death, orThe selective loss and dysregulation of functions of
CD4+ T-lymphocytes are central features of the pathogene-
sis of acquired immunodeficiency syndrome (AIDS) caused
by lentiviruses like the human immunodeficiency viruses
HIV-1 and HIV-2. A major contribution to the loss of these
cells, and also monocytes and neurones, can be ascribed to0042-6822/$ - see front matter D 2004 Published by Elsevier Inc.
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1993).
The HIV-1 Vpr accessory protein is strongly implicated
in the induction of apoptosis of various types of infected
cells, including fibroblasts and tumor cells (Stewart et al.,
1999), T-lymphocytes (Yao et al., 1998), monocytes, and
neurons (Patel et al., 2000). It was shown that Vpr can also
induce cell death when added as an extracellular protein
(Ayyavoo et al., 1997). In contrast, in another study, it was
shown that Vpr may inhibit apoptosis when stably
expressed at low levels in suitable cells (Conti et al.,
1998), and appears to play a dual role in the regulation of
apoptosis in HIV-1-infected T cells (Ayyavoo et al., 1997).
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cation of SIV Vpr in this apoptosis modulation. Neverthe-
less, it has recently been reported that Vpr of SIVagm
induces apoptosis in African green monkey kidney cells
but not in human cells, suggesting a species-specific func-
tion (Zhu et al., 2001).
Vpr is a 14-kDa basic protein that is actively expressed in
infected cells and is incorporated into virions by association
with the Gag p6 peptide (Yu et al., 1990). In addition to
induction of apoptosis, HIV-1 Vpr intervenes in transport
of the pre-integration complex to the nucleus of nondividing
cells (Heinzinger et al., 1994) and cell cycle arrest at G2/M
of many human and simian cell lines (Levy et al., 1993;
Jowett et al., 1995; Bukrinsky and Adzhubei, 1999). In HIV-
2 and many SIV isolates, vpr is accompanied by a closely
related gene, vpx, which encodes a 18-kDa protein and may
have arisen by gene duplication (Tristem et al., 1990, 1992),
or by acquisition of a divergent gene from SIVagm (Sharp et
al., 1996). Despite their similarity in amino acid sequences,
Vpr and Vpx are functionally distinct. Vpr mainly mediates
cell cycle arrest (Fletcher et al., 1996; Pancio et al., 2000),
whereas Vpx is active in the transfer of the pre-integration
complex to the nucleus (Fletcher et al., 1996). The role of
SIV and HIV-2 Vpx in apoptosis induction is not yet well
documented. However, the absence of apoptosis induction
by HIV-2 or SIV Vpx in various mammalian cell types
including human and nonhuman species has been recently
reported (Chang et al., 2000).
The selective loss of CD4+ T cells in human AIDS
patients or simian models is more extensive than would be
expected from the death of infected cells only (Wei et al.,
1995), suggesting the involvement of noninfected bystander
cells. Indeed, it has been reported that most apoptosis
occurred in noninfected cells, and not in those actively
replicating the virus (Finkel et al., 1995; Gougeon et al.,
1993a, 1993b).
Because HIV and SIV are dual tropic viruses for both
CD4+ T-lymphocytes and monocyte/macrophage cell line-
age, studies of the interaction of infected cells with the
noninfected CD4+ T-lymphocytes using the primate model
remain complex. We recently developed a chimera lentivirus
model based on the monocyte/macrophage-tropic caprine
arthritis-encephalitis virus (CAEV) genome (Mselli-Lakhal
et al., 2000) and expressing SIV Vpr/Vpx proteins (Bouzar
et al., 2003). Our aim in this study was to determine whether
the expression of SIV Vpr and Vpx proteins induces
apoptosis in permissive goat cells as well as in bystander
noninfected cells in a context of lentiviral infection.
We show that virus derived from the chimera construct
induces apoptotic death in permissive goat synovial mem-
brane (GSM) cells following infection. Like the parental
CAEV, this chimera virus remained restricted to cells of the
monocyte/macrophage lineage for replication, but T-lym-
phocytes in infected caprine peripheral blood mononuclear
cell (PBMC) cultures underwent extensive apoptosis. Infec-
tion of goat PBMCs with the parental CAEV did not inducesignificant apoptosis in bystander cells. In addition, a high
level of apoptosis was observed in the human CD4+
T lymphocytic SupT1 cell line when co-cultured with
CAEV-pBSCAvpxvpr-infected cells, but not with cells
infected the parental CAEV or with noninfected GSMs.
In addition, no apoptosis was observed when SupT1 cells
were cocultured with CAEV-pBSCAvpxvpr-infected GSM
cells in conditions of absence of contact between these two
cell populations. Altogether, these data suggest an additional
mechanism of CD4+ T cell depletion in AIDS-related
disease and might offer new strategy directions for palliative
therapy.Results
Both CAEV-pBSCA and CAEV-pBSCAvpxvpr are
macrophage tropic viruses
It is well established now that, in contrast to primate
lentiviruses (HIV and SIV), CAEV is macrophage tropic
and does not cause productive infection in CD4+ T lym-
phocytes (Gorrell et al., 1992). To study whether this cell
tropism is maintained for CAEV-pBSCAvpxvpr chimera
(Fig. 1a), separate cultures of highly enriched macrophages
and lymphocytes were prepared from goat PBMCs and
maintained in appropriate media as described above, before
inoculation with the two viruses. After 5 days, cells were
lysed and extracted DNAs were analyzed by PCR for the
presence of native or recombinant CAEV genomes using
tat and env primers specific to CAEV-pBSCA genome and
primers specific to SIV vpr and vpx coding sequences. PCR
products of 876 bp (Fig. 1b, lane 1) and 734 bp (Fig. 1b,
lane 2) corresponding to the expected sizes of DNA
surrounded by tat and env and vpx and vpr primers,
respectively, were obtained with DNA from CAEV-
pBSCAvpxvpr-infected macrophages. However, macro-
phages infected with the parental CAEV-pBSCA showed
only a 142-bp fragment specific to tat and env sequences
(Fig. 1b, lane 4), and no PCR product was detected when
vpx- and vpr-specific primers were used (Fig. 1b, lane 3).
No PCR product was amplified from DNA of noninfected
macrophages either with tat and env (Fig. 1b, lane 5)- or
vpx and vpr (Fig. 1b, lane 6)-specific primers. Using these
two sets of primers, neither DNA isolated from CAEV-
pBSCAvpxvpr (Fig. 1b, lane 7 and lane 8, respectively)-
nor from CAEV-pBSCA (Fig. 1b, lane 9 and lane 10,
respectively)-inoculated lymphocytes showed a positive
PCR signal. Similarly, DNA from noninoculated lympho-
cytes showed no PCR products (Fig. 1b, lane 11 and lane
12). The 393 bp corresponding to the actin sequences used
as a positive control was detected using DNAs from both
inoculated and noninoculated macrophages and lympho-
cytes (Fig. 1). This PCR product is weak in samples 1, 2,
and 3 probably due to the competition of amplification with
CAEV- and SIV-specific primers. These data indicate that
Fig. 1. CAEV-pBSCAvpxvpr remains macrophage- but not lymphocyte-tropic virus: (a) Genome organization of CAEV-pBSCAvpxvpr chimera and
localization of oligonucleotide primer sets used for PCR amplifications. (b) Tropism analysis of CAEV-pBSCAvpxvpr in macrophages and lymphocytes. Goat
macrophage and lymphocyte cultures were derived from PBMCs as described in Materials and methods, and then inoculated with CAEV-pBSCAvpxvpr and
the parental CAEV-pBSCA. At 7 days postinoculation, cells were lysed and DNA extracted for PCR analysis using specific primers complementary to tat and
env sequences of CAEV-pBSCA and a second pair of primers complementary to SIV vpx and vpr sequences. The 876 bp (lane 1) and 734 bp (lane 2) were
obtained using DNA from CAEV-pBSCAvpxvpr infected macrophages with tat and env primers and vpx and vpr primers, respectively. The 142 bp (lane 4) was
obtained with DNA from CAEV-pBSCA infected macrophages with tat and env specific primers while no specific PCR product was observed with vpx and
vpr specific primers. Both sets of primers produced no specific PCR product (lanes 5 and 6) with DNA isolated from noninfected macrophages. Similarly, these
two primer sets produced no specific PCR product neither with DNA isolated from CAEV-pBSCAvpxvpr inoculated lymphocytes (lane 7 and 8) nor with DNA
isolated from CAEV-pBSCA inoculated lymphocytes (lanes 9 and 10), nor with showed DNA isolated from noninfected lymphocytes (lanes 11 and 12). The
393 bp PCR product amplified with the actin specific primers used as control for presence of correct DNA is shown in all samples.
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conferred lymphocyte tropism to CAEVpBSCAvpxvpr chi-
mera. In addition, using radioimmunoprecipitation and
immunocytochemistry analysis, we have previously shown
an efficient expression of SIV Vpr and Vpx proteins in goat
cells infected with CAEV-pBSCAvpxvpr (Bouzar et al.,
2003).
SIV Vpr/Vpx proteins induce apoptosis of goat synovial
membrane cells at the early and late stages of infection
The data from the literature show that SIV Vpr, but not
Vpx, induces apoptosis only of simian-infected cells, sug-
gesting a species-specific function. In this study using our
CAEV/SIV chimeric virus system, we first examined
whether SIV Vpr/Vpx proteins induce apoptosis in caprine
cells. Therefore, GSM cells were infected with CAEV-
pBSCAvpxvpr or the parental CAEV-pBSCA at multiplicity
of infection (moi) of 1. The rate of single strand DNA was
assessed by flow cytometry using a monoclonal antibody
specific to single-stranded DNA and a secondary polyclonal
goat anti-mouse IgM FITC-conjugated antibody. As shown
in Fig. 2a, approximately 8% of cells infected with CAEV-
pBSCAvpxvpr underwent apoptosis at 120 h postinfection.
In contrast, only minimal (1.16%) number of CAEV-
pBSCA-infected cells was found to be in apoptosis.
In parallel, cells treated with staurosporine used as
positive control and nontreated, noninfected cells used as
negative control showed 17% and 1.12% of apoptotic cells,respectively. These rates of apoptotic cells increased sig-
nificantly at 168 h postinfection to reach 40% in CAEV-
pBSCAvpxvpr, 8% in CAEV-pBSCA-infected cells, 25% in
staurosporine-treated cells, and 3% in the negative control
noninfected, nontreated cells (Fig. 2a). These results show
clearly that SIV Vpr/Vpx are able to induce apoptosis in
mammalian cells other than primate ones.
To test whether SIV Vpr/Vpx can induce apoptosis early
after infection, GSM cells were infected with CAEV-
pBSCA and CAEV-pBSCAvpxvpr at a high multiplicity
of infection (moi = 5) and analyzed for DNA breaks at
different times postinfection. Flow cytometry analysis
showed that apoptosis was induced within 6 h postinfection
(Fig. 2b) in CAEV-pBSCAvpxvpr-infected cells (16.33%)
and increased 6 h later to reach 33% (Fig. 2b); while 18%
and 22.23% were observed with positive control cells
treated with staurosporine at 6 and 12 h posttreatment. In
similar conditions, only minimal numbers of apoptotic cells
were observed in CAEV-pBSCA-infected and negative
control cells. These results demonstrate that expression of
SIV Vpr/Vpx led to apoptosis of goat cells at the early as
well as late stage of infection. When GSM cells were
inoculated with a very low dose of virus (moi = 0.001)
and then analyzed for apoptotic death, no apoptosis induc-
tion was observed in these cells up to 7 days postinfection.
These results indicated that the amount of Vpx/Vpr proteins
present in the inoculum and newly produced in infected
cells using a moi of 0.001 is not yet sufficient to kill infected
cells (data not shown).
Fig. 3. SIV Vpr/Vpx proteins induce apoptosis of goat lymphocytes: Goat
PBMCs were inoculated with CAEV-pBSCA and CAEV-pBSCAvpxvr at a
moi of 1 and apoptosis of goat lymphocytes was analysed by flow
cytometry. At different time postinfection, PBMC were stained using the
Apostain method as described in Materials and methods. The percentage of
apoptotic lymphocytes was determined by gating cells according to the
forward-scatter versus side-scatter characteristics and then measuring the
percentage of those cells that were FITC positive (Apostain).
Fig. 2. Analysis of apoptosis in infected GSM cells with CAEV-
pBSCAvpxvpr at the late and early stages of infection: GSM cells were
inoculated with CAEV-pBSCA and CAEV-pBSCAvpxvpr at a moi of 1 and
5, respectively. The rate of DNA breaks was analyzed by flow cytometry
following incubation with a monoclonal antibody specific to single-
stranded DNA, and a polyclonal anti-mouse IgM FITC conjugated antibody
at (a) 120 and 168 h postinfection of cells inoculated at moi of 1, and (b) 6
and 12 h postinfection of cells inoculated at moi of 5. Results are presented
in graphics as the percentage of GSM cells that were FITC positive
(Apostain).
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It has been demonstrated that HIV-1 Vpr induces apo-
ptosis of T lymphocytes during infection with HIV-1 (Yao
et al., 1998). However, there are no data of the action of Vpr
on the bystander noninfected T-lymphocytes, Because of its
macrophage tropism and lack of infection of CD4+ T-
lymphocytes, the chimeric CAEV/SIV virus system is an
appropriate tool for this study. Goat PBMCs were inoculated
at a multiplicity of infection of 1 and analyzed by flow
cytometry for single strand DNA content. The percentage oflymphocytes that were apoptotic was determined by gating
cells according to the forward-scatter versus side-scatter
characteristics and then measuring the percentage of those
cells that were FITC positive (Apostain). As shown in Fig.
3, high percentages of apoptotic cells (41%, 53%, and 53%)
were found in CAEV-pBSCAvpxvpr-infected PBMCs at 12,
24, and 72 h postinoculation, respectively. In parallel, the
positive control cells treated with staurosporine showed
38.66%, 53%, and 49% of apoptotic cells at 12, 24, and
72 h posttreatment. In contrast, CAEV-pBSCA-infected
PBMCs as well as the negative control, noninfected, non-
treated goat PBMCs showed constantly lower percentages
of apoptotic lymphocytes (21%, 25%, and 27%) at 12, 24,
and 72 h postinfection, respectively, for CAEV-pBSCA, and
(12%, 11%, and 15%) at 12, 24, and 72 h, respectively, for
noninfected, non treated PBMC’s. Using a statistical com-
parison test, we found a very small P value (P < 2.1016)
demonstrating a highly significative difference between
CAEV-pBSCAvpxvpr-inocuated cells and controls. These
results demonstrated that the expression of SIV Vpr/Vpx
proteins in permissive cells of goat PBMCs induces apo-
ptosis of goat lymphocytes in the absence of their produc-
tive infection. This suggests a novel role of SIV Vpr/Vpx to
promote an indirect apoptosis induction.
SIV Vpr/Vpx proteins induce apoptosis of human CD4+
T lymphocytes
To examine whether this indirect apoptosis induction can
be observed with human CD4+ T-lymphocytes, GSM cells
Fig. 5. Tropism analysis of CAEV-pBSCAvpxvpr in SupT1 cells and goat
lymphocytes following coculture with permissive cells. GSM cells and goat
PBMC were inoculated with CAEV-pBSCA and CAEV-pBSCAvpxvpr
chemira virus at a moi of 0.1. Noninfected cells were used as negative
control. Three days postinoculation 1.106 of SupT1 cells were cocultured
with infected GSM cells, and goat lymphocytes were separated from
macrophages by selective cell adhesion in tissue culture treated 6 well
plates and grown in R10 medium. two days later, DNAwas extracted from
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vpxvpr at a multiplicity of infection of 0.1, and 3 days later
they were co-cultured with the human CD4+-T lymphocyte
SupT1 cell line. At different times during the co-culture,
fractions of SupT1 were collected and stained for single
strand DNA content and analyzed by flow cytometry as
described above. Results reported in Fig. 4 clearly show that
SupT1 from co-culture with CAEV-pBSCAvpxvpr-infected
GSM cells have 15% at 24 h (Fig. 4c), 16.05% at 48 h (Fig.
4f), and 18.32% at 2 h (Fig. 4i) of apoptotic cells. In contrast,
only 7.2% at 24 h (Fig. 4b), 4.4% at 48 h (Fig. 4e), and 3.78%
at 72 h (Fig. 4h) were observed post co-culture with CAEV-
pBSCA-infected GSM cells. In similar conditions, we ob-
served 0.27% at 24 h (Fig. 4a), 0.1% at 48 h (Fig. 4d), and
0.12% at 72 h (Fig. 4g) post co-culture of SupT1 with
noninfected GSM cells. These results clearly show that
expression of SIV Vpx/Vpr proteins in infected susceptible
cells co-cultured with the nonpermissive human CD4+ T
lymphocytes induces the killing of the latter.
To study whether contact between infected and nonin-
fected cells is required for apoptosis induction, GSM cellsFig. 4. Representative dot plot analysis of apoptosis in the CD4+ SupT1
human lymphocyte cell line following co-culture with CAEV-
pBSCAvpxvpr infected GSM cells: Infected GSM cells with CAEV-
pBSCA and CAEV-pBSCAvpxvpr at a m.o.i. of 0.1 were co-culture with
SupT1 cells. At 24 h (a, b, c), 48 h (d, e, f), and 72 h (g, h, i) co-culture,
SupT1 were collected and stained using Apostain method as described in
materials and methods. Fluorescence intensity (fluorescence high, FL1-H)
is represented on the y axis and the side-scater (SSC) is on the x axis. The
percentage of SupT1 that were apoptotic was determined by gating (region
1, R1) cells that were FITC positive (FL1-H) according to their side-scatter
characteristics.
SupT1 cells and goat lymphocytes, and then used for PCR analysis using
primers specific to vpr/vpx and gag sequences. DNA from CAEV-
pBSCAvpxvpr infected GSM cells was used as a positive control. (a) Goat
lymphocytes cocultured with noninfected, CAEV-pBSCA and CAEV-
pBSCAvpxvpr infected macrophages, showed no specific PCR product
either with gag (a, lanes 1, 2 and 3, respectively) or vpr/vpx (a, lanes 4, 5
and 6, respectively) specific primers. (b) No PCR product was detected in
samples from SupT1 cocultured either with noninfected, CAEV-pBSCA or
CAEV-pBSCAvpxvpr infected GSM cells using either gag (b, lanes 1, 2
and 3, respectively) or vpr/vpx (b, lanes 4, 5 and 6, respectively) specific
primers. The 393 bp corresponding to the actin sequences used as a positive
control was detected both in goat lymphocytes and in human SupT1 (a and
b). Positive control showed an expected 734 bp specific product with vpr/
vpx primers (a, lane 7) and a 912 bp (a, lane 8) specific product with gag
primers.were infected as described above, and at 3 days postinfec-
tion SupT1s were cocultured in cell culture insert. GSM
cells were in the lower chamber and SupT1s were in the
upper one. At different times (24, 48, and 72 h) during the
co-culture, fractions of SupT1 were collected and stained for
single strand DNA content and analyzed by flow cytometry.
Results of this experiment showed no apoptosis induction in
SupT1 cells co-cultured in absence of contact either with
CAEV-pBSCAvpxvpr or with CAEV-pBSCA infected GSM
cells, or with noninfected GSM cells (data not shown).
Lack of cell-to-cell contact infection of SupT1 and goat
lymphocytes following co-culture with infected GSM cells
PCR analysis was performed with DNA samples isolated
from SupT1 cocultured with infected GSM cells and goat
lymphocytes derived from infected PBMC cultures. As
shown in Fig. 5a, DNA samples from goat lymphocytes
cocultured with noninfected, CAEV-pBSCA and CAEV-
pBSCAvpxvpr infected macrophages showed no amplifica-
tion of specific PCR product either with gag (Fig. 5a, lanes 1,
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respectively) specific primers. While the positive control
showed an expected 734 bp PCR product corresponding to
the size of specific to vpr/vpx segment (Fig. 5a, lane 7) and a
912 bp PCR product (Fig. 5a, lanes 8) specific to gag
segment. Similar results were obtained with DNA samples
from SupT1 cells. Indeed, no PCR product was detected with
DNA from SupT1 cells cocultured with noninfected or with
CAEV-pBSCA and CAEV-pBSCAvpxvpr infected GSM
cells using either gag (Fig. 5b, lanes 1, 2 and 3, respectively)
or vpr/vpx (Fig. 5b, lanes 4, 5 and 6, respectively) specific
primers. The 393 bp corresponding to actin sequences used as
internal positive control was detected both in goat lympho-
cytes and in human SupT1 (Figs. 5a and b).Discussion
In the present paper, we show that vpx/vpr genes from
SIVmac239, when incorporated into a CAEV context, and
expressed in target cells, are capable of inducing apoptosis
both in infected cells and in uninfected bystanders.
Recently we reported on the construction and study of
properties of a CAEV-pBSCAvpxvpr chimera virus (Bouzar
et al., 2003). In this the present study we used this chimera
to study the induction of apoptosis following inoculation of
susceptible or resistant cells. Following infection of suscep-
tible cells and expression of vpx/vpr genes inside then, we
could study the consequences on the infected cells them-
selves and on the noninfected resistant bystanders.
Our data clearly show that expression of SIVmac239 Vpr/
Vpx proteins in goat synovial membrane cells (GSM) was
associated with apoptosis induction, indicating that apopto-
sis induced by these proteins and the implicated pathways
are not restricted to simian cells. Our results are in accor-
dance with those from a recent study reporting that HIV-1
Vpr-induced apoptosis could be observed in transgenic mice
T cells (Yasuda et al., 2001). Interestingly, we observed an
increase in apoptotic death of GSM cells infected with
CAEV-pBSCAvpxvpr as early as 6 h post infection with a
high moi. This result suggests the implication of the virion
associated Vpr/Vpx proteins, as previously reported for
HIV-1 Vpr incorporated in genome-free virions (Stewart
et al., 1999). In addition, in our experiments heat inactivation
of virus (56 jC for 1 h) abolished apoptosis induction by
CAEV-pBSCAvpxvpr even in cells inoculated with a high
moi (data not shown), indicating that viral entry into per-
missive GSM cells is required to induce apoptosis. Consis-
tent with our observations, it has been previously reported
that infection of Hela cells with non-VSV-G enveloped
virions did not result in apoptosis (Poon et al., 1998; Stewart
et al., 1999). Previous studies have shown that induction of
apoptosis by Vpr of HIVor SIVoccurs independently of G2
arrest of the cell cycle (Nishizawa et al., 2000; Zhu et al.,
2001) suggesting that the cell death is not a consequence of
an irreversible stay at G2 phase of cell cycle.Relevant information about an indirect mechanism
whereby HIV can mediate the death of uninfected cells
have been reported (Finkel et al., 1995). Several reports
have focused on the possible role of HIV-1-related proteins
such as soluble gp120 [and or or] Tat to prime apoptosis-
signals of bystander cells (Banda et al., 1992; Blanco et al.,
2003; Westendorp et al., 1995). In addition, in a recent
report, it was demonstrated that monocytes treated with
HIV-1 Tat kill uninfected CD4+cells by a TNF-related
apoptosis-induced ligand-mediated mechanism (Yang et al.,
2003). However, among all described indirect mechanisms
involved in depletion of uninfected T lymphocytes (Clerici
and Shearer, 1994; Katsikis et al., 1995) there is no data
showing the involvement of Vpr [and or or] Vpx accessory
proteins. In our CAEV chimera model, using goat PBMCs
or human CD4+ T lymphocyte cell line, we demonstrate
that expression of SIV Vpr/Vpx proteins in permissive cells
(GSM cells or macrophages) resulted in an increased
apoptosis of goat and human lymphocytes in the absence
of infection. In addition, even if CAEV and CAEV-
pBSCAvpxvpr do not infect any cell type of human PBLs,
we observed that co-culture of CAEV-pBSCAvpxvpr
infected goat PBMCs with human PBLs induced increased
apoptosis of human PBL (data not shown). The findings of
this experiment indicate that SIV Vpr/Vpx proteins acted at
the extracellular rather than the intracellular compartment to
promote apoptosis of both human and goat lymphocytes.
Interestingly, when SupT1 were cocultured with CAEV-
pBSCAvpxvpr infected GSM cells in absence of contact
between two cell types, no apoptosis of SupT1 was ob-
served. These results suggest that SIV Vpr/Vpx proteins
activate directly and or indirectly an extracellular signaling
pathway to promote the death of uninfected T lymphocytes
only following cell-to-cell contact.
Our results agree (ACS) with those obtained from
previous studies reporting that co-culture of HIV-infected
cells with uninfected cells results induced apoptosis of
uninfected cells (Nardelli et al., 1995). Nevertheless, the
implication of HIV-1 accessory proteins like Vpr in this
process has not been previously reported.
Our findings of Vpr/Vpx induced death of T lympho-
cytes contrast earlier reported results suggesting that infec-
tion of Jurkat cells with a vpr-wild type virus did not result
in apoptosis over 72 h period (Bartz et al., 1996). In our
studies we began to detect increased lymphocytes death at
12 h, with a peak at 24 h postinfection. It is likely that the
discrepancy between the two studies is due to the cell types,
the difference in the experimental approaches and mostly to
the two different mechanisms, specifically, in Jurkat cells,
apoptosis occurs likely through an intracellular signaling
pathway as a result of virus entry and Vpr delivery, whereas
in our CAEV system, SIV Vpr/Vpx proteins involve an
indirect mechanism to kill uninfected bystander lympho-
cytes. Based on these results and those recently reported by
Conti et al. (Conti et al., 2000), indicating that HIV-1 Vpr
protects T lymphocytes from apoptosis early postinfection
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stages of infection, one can assume that the mechanism
involved at least by SIV Vpr, to modulate apoptosis in
productively infected cells is independent from which
induces apoptosis in bystander [and or or] uninfected cells.
The signaling pathways leading to Vpr-induced cell
apoptosis still remain to be determined. Recently reported
data indicate that Vpr-induced apoptosis occurs through an
intracellular signaling pathway, involving BCL-X, BAX and
caspase 1 and 8 proteins (Shostak et al., 1999; Yasuda et al.,
2001), or through a direct effect on the mitochondrial
Permeability Transition Pore Complex (PTPC) (Jacotot
et al., 2000). While HIV-1 gp120 and Tat proteins were
shown to induce apoptosis through the Fas/FasL system in
bystander cells, HIV-1 Vpr was not (Jacotot et al., 2000).
These results suggested that Vpr acts intracellulary, but
remained unable to induce at least the Fas/FasL extarcellular
signal. Our results clearly show that SIV Vpr/Vpx induce
extracellular pathways to kill both goat and human lympho-
cytes. Interestingly, direct inoculation of human PBLs with
CAEV-pBSCAvpxvpr did not induce PBL apoptosis, indi-
cating that (i) the inoculum virus is not directly involved in
this process, (ii) the presence of infected permissive cells
(macrophages or GSM cells) which de novo produce SIV
Vpr/Vpx proteins is required to mediate apoptosis. This
result was also confirmed when SupT1 cells were cocul-
tured with CAEV-pBSCAvpxvpr-infected GSM cells in
absence of contact, suggesting that the requirement of cell
to cell contact is indispensable for this type of Vpr/Vpx-
induced apoptosis. The data from an earlier study have
shown that HIV-1-infected human macrophages can provide
a source of FasL, (resulting from its upregulated expression)
that induces the death of uninfected CD4 T lymphocytes
(Badley et al., 1996). We cannot exclude a similar mecha-
nism in SIV Vpr/Vpx-induced apoptosis in inoculated
PBMCs. We can also speculate that the priming effect
mediated by the contact between infected cells (macrophage
or GSM) that express Vpr/Vpx, with lymphocytes could
activate a transduction pathway that is required to induce
cell death by two different mechanisms: through T cell
activation [and or or] induction of de novo expression of
a putative receptor necessary for T-cell-triggered ligand to
exert its cytotoxic activity.
In this study, we also observed that the parental CAEV-
pBSCA was able to induce apoptosis in inoculated GSM
cells as well as in inoculated goat lymphocytes, but not in
inoculated human SupT1. Neverthless, the effect was much
lower than that obtained with CAEV-pBSCAvpxvpr chime-
ra virus. In the case of GSM cells, our results agree (ACS)
with those reported earlier (Gendelman et al., 1997). How-
ever, no data have been reported showing that CAEV
induces apoptosis of goat lymphocytes in inoculated PBMC
cultures. Thus, our results are the first demonstration that
CAEV is able to exert an apoptotic effect on bystander
noninfected goat lymphocytes. We recently reported that the
primary function of Tat proteins of CAEV and Maedi VisnaVirus (MVV) is not the transactivation of their LTR pro-
moters (Villet et al., 2003a), and demonstrated that both are
more Vpr-like than Tat-like proteins (Villet et al., 2003b).
We cannot exclude that the observed apoptosis with CAEV-
pBSCA is induced by its called Tat protein.
In conclusion, SIV Vpr/Vpx proteins induce apoptosis in
caprine and primate cells. Our results also show the pres-
ence of internal and external pathways that induce the
apoptosis both in infected and noninfected cells. We propose
that this extracellullar pathway(s) of death of noninfected
lymphocytes following cell to cell contact, highly contribute
to the drastic loss of CD4+ T lymphocytes in HIV-infected
patients and SIV-infected monkeys.Materials and methods
Viruses and constructs
CAEV-pBSCA and CAEV-pBSCAvpxvpr plasmid con-
structs, and virus production were described previously
(Bouzar et al., 2003; Mselli-Lakhal et al., 2000).
The CD4+ SupT1 T lymphocytes
SupT1 cells that highly express the human CD4 mole-
cules were maintained (5.105 cells/ml) in RPMI supple-
mented with 10% of fetal bovine serum (FBS, Invitrogen,
Cergy Pontoise, France). This cell line was kindly provided
by M. Ploquin at the Pasteur Institute, Paris, France.
Growing cells were passaged every 2–3 days at a density
of 5.105 cells per ml for no more than 15 passages. The CD4
expression at the surface of these cells was regularly
checked by flow cytometry using the monoclonal antibody
anti-CD4 (Sigma, la Verpille`re, France), showing a higher
percentage than 95%.
Goat synovial cells and isolation of goat PBMCs
Goat synovial membrane (GSM) cells were derived from
a carpal synovial membrane explant from a goat embryo as
previously described (Narayan et al., 1980) and were grown
in Eagle’s minimum essential medium (MEM; Gibco BRL),
supplemented with 10% fetal bovine serum (FBS; Gibco
BRL). Goat PBMCs were isolated by density-gradient cen-
trifugation using the Ficoll-Hypaque method. Approximate-
ly 50 ml of blood were collected by venopuncture in 2 mM
EDTA and then centrifuged at 800 g for 5 min at 20 jC to
separate the red and white blood cells from the plasma. Buffy
coat at the junction of the plasma and red cells was harvested
and diluted three times in a 1 Hanks solution containing
2 mM EDTA (Hanks/EDTA). PBMC were purified follow-
ing centrifugation at 400 g for 45 min at 20 jC through
Ficoll-Hypaque gradients (Histopaque 1.077, Sigma, La
Verpille`re, France). To insure a productive infection, mono-
cytes were pushed to macrophage differentiation by PBMC
A.B. Bouzar et al. / Virology 326 (2004) 47–5654cultivation at a density of 5.106 cells per ml of macrophage
differentiation medium (MDM) consisting of RPMI 1640
(Invitrogen, Cergy Pontoise, France) supplemented with
10 mM Hepes buffer, 0.05 mM 2-h-mercapthoethanol,
2 mM glutamine, 0.05 mg/ml gentamicin, and 20% heat in-
activated lamb serum (Invitrogen, Cergy Pontoise, France),
and maintained in Teflon flasks at 37jC. Cells were then
inoculated with CAEV-pBSCA or CAEV-pBSCAvpxvpr at a
multiplicity of infection (moi) of 1. At 18 h post inoculation,
PBMCs were rinsed with serum-free medium to remove the
virus and resuspended in fresh MDM at a density of 5.106
cells per ml.
Evaluation of apoptosis in infected goat PBMC and GSM
cells and the bystander noninfected human CD4+ SupT1
lymphocyte cell line
The Apostain Mab specific to ssDNA (F7-26) commer-
cial kit (Alexis Biochemicals-Qbiogene, Illkirch, France)
was used to evaluate apoptosis. The experimental protocol
was used according to the standard manufacturer’s instruc-
tions, adapted to detect the extent of DNA breaks in goat
PBMCs, GSM and human SupT1 cells. The percentages of
apoptotic cells reported in each figure were defined as the
cell fluorescein labeled DNA breaks. Stained cells were
analyzed by using a FACScan flow cytometer (Becton and
Dickinson) over 10.000 events. Lymphocytes were gated
according to forward-scatter versus side-scatter character-
istics and analyzed by the Lysis II analysis Software at a 488
nm argon ion laser.
Briefly, isolated goat PBMC were infected with CAEV-
pBSCA, or CAEV-pBSCAvpxvpr viruses at a multiplicity
of infection (moi) of 1, rinsed after 18 h of infection, and
maintained in MDM for 3 days. At different times postin-
fection 5.105 cells were collected to evaluate the rate of
apoptotic cells using Apostain staining method.
To evaluate apoptosis in Goat Synovial Membrane cells
(Bouzar et al., 2003), CAEV-pBSCA and CAEV-pBSCAvp
xvpr were used to inoculate GSM cell monolayers at a very
low, a low and a high multiplicity of infection (moi of
0.001, 1 and 5, respectively). Both attached and floating
cells (5.105 cells) were stained at different time of infection
with the Apostain Mab to ssDNA (F7-26, Alexis Biochem-
icals, Qbiogene, Illkirch, France) and with a secondary
polyclonal goat anti-mouse IgM FITC conjugated antibody
(Sigma, La Verpille`re, France), and then analyzed by flow
cytometry.
To study the apoptosis induced by Vpr/Vpx in bystander
noninfected cells, SupT1 that are fully resistant to CAEV
infection were co-cultured with infected GSM cells, and
then apoptosis was evaluated using the Apostain method as
here above described. Briefly, GSM cells were seeded in
six well plates at a density of 1.105 per well and 24 h later
the monolayers were inoculated with CAEV-pBSCA or
CAEV-pBSCAvpxvpr at a moi of 0.1. At 3 days postinoc-
ulation, 1.106 SupT1 cells were seeded on top of theinfected GSM cell monolayers in each well. At different
times post-co-culture 5.105 SupT1 cells were collected to
evaluate the rate of apoptotic cells using Apostain staining
method. A co-culture of SupT1 with noninfected GSM
cells was used as a negative control.
As positive controls, samples of goat PBMC and GSM
cells were artificially induced to undergo apoptosis by
treatment with 20 AMof Staurosporine (Sigma, La Verpille`re,
France). Noninfected PBMC, SupT1 and GSM cells were
included in each experiment and used as a negative control.
Separate culture of goat lymphocytes and macrophages for
PCR analysis
To test the cell tropism of CAEV-pBSCAvprvpx chimeric
virus, goat macrophages and lymphocytes were separated by
a cell adherence method and cultured in specific media
before virus inoculation. Briefly, isolated goat PMBCs were
seeded into 6 well tissue-culture plates in RPMI 1640
medium supplemented with 10% of heat inactivated fetal
bovine serum. After 24 h, adherent cells containing macro-
phages were inoculated with CAEV-pBSCA and CAEV-
pBSCAvpxvpr and maintained into MDM medium supple-
mented with 20% of heat inactivated lamb serum. Non
adherent cells corresponding mainly to lymphocytes were
harvested following three successive passages in treated 6
well tissue culture plates to eliminate the remaining residual
macrophages. Lymphocytes in suspension were then inoc-
ulated with viruses and maintained in 4 ml RPMI 1640
medium supplemented with 10% of heat inactivated fetal
bovine serum at a density of 5.106/ml, into 15 ml sterile
polypropylene tubes at 37 jC.
PCR analysis
Goat lymphocytes and macrophages were infected with
CAEV-pBSCA or CAEV-pBSCAvpxvpr, and at 5 days
postinfection, cells were lysed for DNA extraction using
the Qiagen method and kit (Qiagen, Courtaboeuf, France).
Detection of CAEV-pBSCA tat and env sequences was
performed using primers (5V-GAT TAG GGC CTG TGG
ATG CAG-3V) and (5V-CAG TTA AGC GCA TGT ATC
TGG-3V) complementary to tat and env genes, respectively.
These primers generate a 142 bp PCR product from CAEV-
pBSCA genome. PCR amplification of the vpx and vpr genes
was performed by using primers (5V-GCA GCG GCC CTG
AAA GTA GTA AGC GAT GTC AGATCC-3V and 5V-GCT
GGC CAT CCT AGA CAG ACA AAA CTG GCA ATG
GTA GCA ACA-3V) complementary to 5V vpx and 3V vpr
terminal sequences of SIVmac239. The primers specific to tat
and env coding sequences should generate a 876 bp PCR
product with CAEV-pBSCAvpxvpr DNA. The primers spe-
cific to SIV vpr and vpx coding sequences should generate an
amplified PCR fragment of 734 bp with CAEV-
pBSCAvpxvpr and no PCR product with DNA from
CAEV-pBSCA. As an internal standard control for cell gene
A.B. Bouzar et al. / Virology 326 (2004) 47–56 55detection, oligonucleotide primers ES 30: 5V-TCATGT TTG
AGA CCT TCA ACA CCC CAG-3V and ES32: 5V-CCA
GGG GAA GGC TGG AAG AGT GCC-3V, were used to
amplify a 393 bp fragment specific to the fourth exon of the
h-actin gene. PCR amplification was performed using the
following profile: denaturation at 94 jC for 5 min, following
by 35 cycles of denaturation at 92 jC for 1 min, annealing at
56 jC for 1.5 min and primer extension at 70 jC for 3 min.
After PCR amplification, 10 Al aliquots from each sample
were separated by electrophoresis on 1.5% agarose gel, and
then the DNA products were visualized by staining with
ethidium bromide.
DNA isolated from SupT1 cells that have been cocultured
with infected GSM cells and from goat lymphocytes derived
from infected PBMC cultures were examined by PCR as
described above. After 2 days in culture, cellular DNAs were
isolated from SupT1 and goat lymphocytes and used for PCR
analysis with SIVmac239 vpx/vpr and CAEV-pBSCA gag
specific primers as described above. As an internal standard
PCR control, oligonucleotide primers complementary to
actin gene were used. DNA from CAEV-pBSCAvpxvpr
infected GSM cells was used as a positive control.Acknowledgments
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